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Introduction.

EFT analysis in XENON100 — Increasing energy range.

XENONUIT first results — Increasing detector volume.

Superradiance in LXe — Decreasing background.

Ran Itay, Weizmann Institute of Science 2




\KQZMANN e ' , Introduction
'()%TC'[TE% : From EFT to Superradiance, DM searches with XENON EET
XENONI1T
" Superradiance
Evidence for DM P
Summary

1 1 1
1000 1500 2000

o
v
=~
Vo)
)
'el
0
o
6'58742°
200||1x]||rl|l||
i NGC 6503
.
E 100
3
>
'oi".fl"“"l'.l P M7 R (O N T (1O S [ L
0 0

10 2
Radius (kpc)

Ran Itay, Weizmann Institute of Science 3

250



WHZMANN Introduction

l(f;';ggﬁ "‘ .| From EFT to Superradiance, DM searches with XENON EFT
XENONI1T
] Superradiance
DM Evidence Summary

26.8% Dark
Matter

68.3% Dark n
Energy .9% Ordinary

Matter

Ran Itay, Weizmann Institute of Science 4




KE%NT«[\INTEI e Introduction

O EG | From EFT to Superradiance, DM searches with XENON EFT
XENONIT

M Superradiance

Summary

We know Dark Matter has to be

neutral

cold

stable

no EM interaction
non-baryonic
correct density

-> No Standard Model Candidate
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Direct Detection Superradiance

Summary

Typical assumptions:
 Local density ~ 0.3 GeV/cm?
« Average Velocity ~ 220 km/s

WIMP Interaction:
« Very small rate — O(1) event/ton/year ? .
* Low energy - O(10-100keV)

Direct detection requirement:
« Large detector mass.
 Ultra low background.
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Timeline of the Xenon Program S“;’j;:";‘f;i”ce
- y
XENONNT

XENON10 XENON100 XENONI1T

P —i

Era 2005-2007 2008-2016 2012-2018 2019-2023
Mass 25 kg 161 kg 3200 kg ~8000 kg
Drift 15cm 30cm 100 cm 144 cm
Status Achieved (2007) Achieved (2016) Projected (2018) Projected (2023)
OsiLimit 8.8 x 10 cm? 1.1x 1045 cm? 1.6x 1047 cm? 1.6 x 1048 cm?
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1. EFT SEARCH FOR HIGH ENERGY
RECOILS

Increasing Energy Range

Effective field theory search for high-energy nuclear recoils using the XENON100 dark matter detector
PhysRevD: 96.042004
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* Direct detection interactions are non relativistic.
* q(i) - x(i) small - new operators which are momentum dependent.
* Non relativistic EFT -> a model independent approach

* 4linearly independent quantities SN,SX, E[’,vl

Ran Itay, Weizmann Institute of Science 16
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Inelastic WIMP

Same operators, small modification.
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Superradiance
Summary

G. Barello et al. arXiv: 1409.0536
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Interactions suppressed at low momentum transfer.

¥ernon Expanments

r=¥e targst

1 e tangst
e my=1TeV m, =10 TaV]

PUL ) 0.

104
107"

10%

gt
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1oL

Bramante et al. arXiv 1608.02662
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Strategy Summary

» Blind analysis, data of Run 2, 28.2.11 — 31.3.12 (34*225.6 kg*day
» Treat each operator separately

 Signal region divided into 2 energy regimes.

N

\

Low Energy (3-30PE),
“standard” analysis.

w

High Energy (30-180PE),
This work.

—— Nuclear Recaoil Interaction from AmBe data

Compton Scattering from Co™ data

log10(S2 / 1)

Signal Model — MC based Signal Model — calibration

based

Detector acceptance
. Detector acceptance

Background Model (fit) - Background Model
(calibration data)

Profile Likelihood(pdf in S1)

S1[PE]

\ / » Profile Likelihood (binned S1)

Likelihood combination
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High Energy (30-180PE)
# Band Energy Range (c¢S1) # Background Events
1 upper 30 - 40 2445 100 00
2 upper 40 - 50 163 _E
3 upper 50 - 80 1243 " .
4 upper 80 - 120 1.14+£0.3
5 upper 120 - 150 (1.0£0.5) x 10~ =
6 upper 150 - 180 (0.84+0.4) x 107! =
7 lower 30 - 50 0.94+0.3 =
8 lower 50 - 90 (3.5+£1.2) x 10—_l . S——— L 3
9 lower 90 - 180 (1.8 £0.7) x 10~* cS1 [PE]
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E,[keVnr]
Benchmark Definition = i Hi 030 4050 100 200

AmBe mean — above iz 2.4
3o quantile —below % 22
& 2

—
o0

III|III|III|III|III|III|I[II|IJ|I

1.6
1.4
1.2
1
HighE
Expected number of events — 1.4 + 0.3444¢
Observed number of events — 0
LowE

Expected number of events — 3 + 0.5.;4¢
Observed number of events - 3
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1 1 3 IIIII 1 1 I 1 1 L 1 IIIII 1 1 1 1 L1 IIIq
10 107 10° 10 10 10°
m, [GeV] m, [GeV]
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Exclusion Limits

Elastic scattering

e . q
03 = lSN'(m—N

X v1)

10

Introduction

EFT

XENONI1T
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Summary

10!

— Observed 90% CLs limit

-10

20

®  superCDMS
*  CDMS Il Si
A CDMSIIGe

Ran Itay, Weizmann Institute of Science
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Inelastic WIMP
0;=1,-1y

10-#

103
m, [GeV/c?]
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0,=1,-1 : ummary
Lo Inelastic WIMP
P 10 y = s a . . = as T .

Ao XENON 2011
CDMS-II
*x  ZEPLIN-III
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XENONIT FIRST RESULTS

Increasing Detector Volume

First Dark Matter Search Results from the XENON1T Experiment
arXiv: 1705.06655

Ran Itay, Weizmann Institute of Science 37
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i S d
XENONLIT First Results Uperradiance
ummary

15t ton-scale
experiment.

« 3.2tof LXe, 2tin
. TPC.

1 * Firstscience run
results published.

| + Data taking
: continues.

Ran Itay, Weizmann Institute of Science 39
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Water Tank Sugerradlance
ummary

-
N

-
o

©
2]

o
'S

Fractional Rate
o
(=)}

e ©
o N

[
o

Water Level [m]

PP
I3 i

07/14 07/16 07/18 07/20 07/22 07/24 07/26
Date [month/day]
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ummary
« Active against Muons.
» 84 hige QE 8” Hamamtsu
PMTs _ )
 Trigger efficiency > 99.5% ..
200 ; “_2; zoug
- Cosmogenic neutrons | Tk g

Amplitude [mV]

suprresed <0.01
events/ton/year.

-
o
o

F

* No coincidence with TPC

found in this run. 0 T _—

Ran Itay, Weizmann Institute of Science

JINST 9, 11007 (2014)
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 Critical parameters stable .
+ Good electron lifetime evaluation.
600 E ; Science run E
s | if
o : £ !
I R -
(I B o
i 200 5 12
£
P E -
100 E,z — Be:t-rut t:enidn
= ;4 ;\:E(tcr:n I:‘:t?me data peints (52/51 method)
4 & electron lifetime data points (from An analysis)
0
= ig Science run
£ 10
% 5
s 0
2 -5
Z-10
S -15
=20

Temperature [°C]

Pressure [bar]

Liquid Level [mm]

Superradiance
Summary
96,1

E +0.1%
-9(1.2_ _________________
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Calibration

« ER calibration using %?°Rn and 83™kr.

* NR calibration using *!AmBe .

» All parameters fit to model with no
significant deviation.

0 Novel Rn220 internal source

AR ety

| 1
S 30 "f'-}-
20
B MC S1 spectrum |
10 Phys. Rev. D 95, 72008 (2017) |4 4 nata 1 spectram
i
tn A1A) Ay &R N 1|’lf]
300 1
250
200
€ 150
8
100

50

<1 IPFI

Corrected S2 bottom [PE]

8000 p

Iy
o
o
o

2000
1000 :'"',:: -

400 | %

200

100 f
8000 f
4000 F

2000

400 F

200
100

‘ From EFT to Superradiance, DM searches with XENON

Introduction
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XENON1T

Superradiance
Summary

1000 522

(b) 221 AmBe calibration

Ran Itay, Weizmann Institute of Science
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Lowest Background level achieved in direct

Event rate [events/(keV-kg-day)]

=
o
h

1072F

* -
1 2 fﬁ%zfi’?‘_‘f,z-} e NENONIOO

(R |
10°3H ;
85Kr dominated f[ﬁ 1: } {ﬁ
,4 it
1071 222Rn dominated ¢ } H *
{ _
107 +
o o) © © \ 4
Q¥ oY QoY Q¥ [\ Q¥

Background

detection experiment

. A\

T I I
N | Online krypton DST

L

Ran Itay, Weizmann Institute of Science
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natKr/Xe via RGM
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Background 0
~ ummary
* ER and NR spectral shapes derived from 107 . . . . I
models fitted to calibration data. T WIMP Reference: ;
o\ T, NR median - 20 1
&) 10—2 o\ . e E
e Other background expectations are data ~ :
driven, derived from a control sample. £
S
=

03 10 20 30 40 50 60 70
Corrected S1 |PE|

Background & Signal Rates Reference
Electronic recoils (ER) 62 + 8 0.26 (+0.11)(-0.07)
Radiogenic neutrons (n) 0.05 + 0.01 0.02
CNNS (v) 0.02 0.01
Accidental coincidences (acc) 0.22 + 0.01 0.06
Wall leakage (wall) 0.52 £ 0.32 0.01
Anomalous (anom) 0.09 (+0.12)(-0.06) 0.01 £ 0.01
Total background 63+8 0.36 (+0.11)(-0.07)
50 GeV/c?, 1046 cm2 WIMP (NR) 1.66 = 0.01 0.82 = 0.06

Ran Itay, Weizmann Institute of Science 45
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Summary
. . . =’ 8000 p
« 34.2 days with 1 ton fiducial volume. oy :
g 4000 F Blue: ER
] ) ) S 2000 Red: NR
- Data is compatible with background 3 o0 |
(0 event in signal region). o :
- 40F ]
% 200 B ;
10743 e 5 100k (c) Dark matter search |
_ - 8 50 : s g s 20 LB, W 1
NE 03 10 20 30 40 50 60 70
£ 1074 Corrected S1 [PE]
S . . .
z « Best limit on Sl interactions up to
= 1077 ~100GeV.
;
& -1 « Lowest background experiment.
= 10
i
= : | . -
N R B Data taking continues.
101 102 103 104

WIMP mass [GeV/c?|
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SUPERRADIANCE IN XENON
DIREXENO

Decreasing Background

Ran Itay, Weizmann Institute of Science 47
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BaCkg r()und Sources Superradiance

Summary

* ER rejection improves sensitivity.

Background & Signal Rates Reference
Electronic recoils (ER) 62 +8 0.26 (+0.11)(-0.07)
* Directional |ty Radiogenic neutrons (n) 0.05 + 0.01 0.02
CNNS (v) 0.02 0.01
Accidental coincidences (acc) 0.22 = 0.01 0.06
Wall leakage (wall) 052 +0.32 0.01
Anomalous (anom) 0.09 (+0.12)(-0.086) 0.01 £ 0.01

Total background 63 +£8 0.36 (+0.11)(-0.07)
50 GeV/c?, 106 cm? WIMP (NR) 1.66 = 0.01 0.82 + 0.06
Background Source Type Rate )
[(txy)~']
222Rn (10 uBq/kg) ER 620
<Solar pp- and 7Be-neutrino) ER 36 — 726 event/ton/year
85Kr (0.2 ppt of ™Kr) ER 31
2vB B of 13¢Xe ER 9
Material radioactivity ER 30 _

Radi 1 RlRmataty NR 0_55
C_CNNS (mainly solar *B-neutrinos } > NR 0.6
Muon-induce ons NR <0.01

Ran Itay, Weizmann Institute of Science 48
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Superradiance

-40
10

Summary

* ER rejection improves sensitivity. 5 ;m\m CR,;_SS.,__I%DAMAM
E CDMS-Si
. . . @2 "RESST-
- Directionality. 0TE e
Q) O‘“ — SuperCDMS
EF
.g 10 -~
3107k
2 10% -
8 _47%— \‘\\\‘__’/// /Xﬁ/NO gt i
Background Source i 0 ? | N ——" -
10 E \
222Rn(10”Bg£kg) I |04‘)é_ 1 1 1111111 ‘l‘ii 171411111 1 1 lllllll 1 AT T W I
<Solar pp- and 'Be-neutrinos > I I 23 5 10 2030 50 100 200 500 1000 2000 5000 10°
85Kr (0.2 ppt of ™Kr) I WIMP mass [GeV/c?]
2vB B of 30Xe ER 9 J
Material radioactivity ER 30
Radi i UlEons NR 0.55
C_CNNS (mainly solar 8B-neutrinosi > NR 0.6
Muon-induceéd n ons NR <0.01
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In ordinary spontaneous emission:
\N ‘ / Detector 4
D Sl
\ - 'I.'SP
7Y .,
time
Dicke. 1954
Gross, Haroche 1982,
I N dl ,
— — CONnst.
> Q)

Ran Itay, Weizmann Institute of Science 50
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Superrad|ance Superradiance

Summary

Detector T

N A
::1:”_,, 3 Tsp/N
l time

Dicke. 1954
Gross, Haroche 1982.

.

al

< 2 .
i LS A I x N dﬂ#const
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Summary

N e

- e e -~
- -~ *{-’- -
i " . :-:&'
’ N ‘
\
\ "

, :ijg“i;l‘,
p W
/ \ o
/ \
/
/ \
] \
I \
| ]
\ ]
\ )
\ I/
\ /
\ r,, ~4500 nm ,/
\\ p
\ ,
\ ,
N ’
. 2 -

NR in liquid xenon: A =178 nm
Chapel et al. arXiv:1207.2292 1 ~ ]_OO nim
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DireXeno

DireXeno: Directional Xenon.
Apparatus for measuring spatial and
temporal scintillation properties of
L Xe.

1.
The Gas Handling

System
(Xe Purification &
circulation)

!

Hot Getter

—

Ran Itay, Weizmann Institute of Science
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Introduction
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Superradiance

2.
The Cryogenic System

Heat
Exchanger

Cryo
Cooler

The Detector System

Summary

(PMT Pulse
Acquisition,
Trigger

Storage.

The DAQ System

Generation, Data
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 Sphere should be VUV transparent
* Ngpps = 1.58 ~ N, — No diffraction in LXe-HPFS

« R2>>R1—> No diffraction in HPFS-Vacuum

Mini CF Flange Bonded

Invar Tubing bonded to Glass Dome Using High Strength Adhesive

Using Zero Outgassing Adhesive

.
v

-
l\‘\-\.

T | | O

NN ENN

/ I IT\
!
e
S ./
‘w;lur»’/
TT

*

)

ol

5

P

|l
Il L

T, (%o/cm)

=
z
HI

0o

£

/

|
W

\

0.2

Inner Hollow for LXe HP_FS Shell of -
Target (R; =lcm) Thickness 2 cm 0—1.. Ll
(R, =3cm) A (nm)

Ran Itay, Weizmann Institute of Science 54

I R R R
150 160 170

I R R AR
200 210 220




WHZMANN E Introduction

o | From EFT to Superradiance, DM searches with XENON -
' Superradi
Optl cal Cove rage u;s)erra iance
' = ummary

« 20 square 1” PMT with 4w coverage.

« Time resolution of O(ns)

Ran Itay, Weizmann Institute of Science 55
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X% — Angle correlation

4 T T T T T T T T I T T T T T T T I | I | I | T T T |
y , -
2= lz (0; — Ey) 35
v V 4 Ei E
=1 3;

2.5
&
& R A e
2
Pattern no. | No. of beams type Beam half widths
o1 s 1.5
1 1 single beam | 5°
2 1 single beam | 15°
3 2 correlated 50 50
4 2 correlated 15° 159
5 2 uncorrelated 5g 500 05||||7|||IIV‘I\||7|||||7|\I\IV|III:IV|I\IIV|III
6 2 uncorrelated | 5 - 107 0 500 1000 1500 2000 2500 3000 3500
7 2 uncorrelated | 15 15
8 2 uncorrelated | 10° 300 No. of Events
9 2 uncorrelated | 10° 30° 0.2 0.8 56000
10 2 uncorrelated | 30° 10° 0.2 0.8 ‘ 43000 ‘

Ran Itay, Weizmann Institute of Science 56
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Projected Sensitivity

Introduction
EFT

Superradiance

Summary

Pattern no. | No. of beams type Beam half widths | Signal fractions N
a1 TJ9 r I's
1 1 single beam | 5° - 1 0 3200
2 1 single beam | 15° - 1 0 4630
3 2 correlated | 5° 50 0.5 0.5 4520
4 2 correlated | 15° 15° 0.5 0.5 9770
5 2 uncorrelated | 5° 50 0.5 0.5 9370
6 2 uncorrelated | 5° 10° 0.5 0.5 19500
7 2 uncorrelated | 15° 15° 0.5 0.5 28200
8 2 uncorrelated | 10° 30° 0.5 0.5 49900
9 2 uncorrelated | 10° 30° 0.2 0.8 56000
10 2 uncorrelated | 30° 100 0.2 0.8 43000

Ran Itay, Weizmann Institute of Science
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) 1500 2000 2500
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Summary Superradiance

Summary

1. EFT approach for WIMP scattering in XENON100 detector.

« EFT analysis for elastic scattering , and Inelastic WIMP models

« Energy range extended to 180PE (240 keVnr), previously up to 30PE (43 keVnr)
« Data compatible with background -> Exclusion limits.

» Tables for detector response online.

2. XENONLIT First Results

 First ton-scale LXe detector.
» Lowest background experiment
« Data taking continues, stay tuned.

3. Superradiance in LXe.

« DireXeno.
* ER background discrimination.
« Directionality (neutrino rejection).

Ran Itay, Weizmann Institute of Science 58
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Superradiance
Summary

Motivation

* Too many parameters

o
(=]

Events / ( 0.25 )

* Hidden parameters
40

* No underlying model

* Error propagation i

* Unbinned profile likelihood .

analysis ‘
10

LI A L L B
'
\
‘
m
o i

Priel et al., JCAP, 1705(05), 2017
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» Use benchmark model.
L] AT S O RS AR IS R R A LI I R €
L 8 N @ 3
« Add signal like component to the =soet™ | f, ronl =
background model. 200/ PO _
|
 Comes alongside the standard : :
construction of uncertainties. H E
50:— L—l__I . —:
« Universal solution, and not model = TR Nt o AT SR D
0 5 10 15 20 25 30 :35o
dependent. .

—4— f, model, corrected

w
2 I u
= = = gmodal __ gtnue =
8 160 o <<y (b) —
140 :_ f,, real _:
B + — — f, model, no correction ]
120} ¢
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